INTRODUCTION
============

Diabetes mellitus (DM) is one of the oldest diseases known to mankind and is a leading health concern throughout the world. In 1936, the distinction between type 1 and type 2 DM was clearly made ([@b1-pnfs-19-281]). Type 2 DM accounts for 90% of all diabetes cases, which in the near future is expected to rise to 552 million cases worldwide, stimulating the need for investigation into the mechanism of DM ([@b2-pnfs-19-281]). It has been proposed that diabetic complications like retinopathy, cataracts, neuropathy, atherosclerosis, nephropathy, embryopathy, and delayed healing of wounds are initiated or activated by a common mechanism of free radical generation, which results in the generation of a variety of reactive oxygen species, reactive nitrogen species, and heightened oxidative stress ([@b3-pnfs-19-281]). Furthermore, the provoked stress causes insulin resistance and altered gene expression. Hyperglycemia induces oxidative stress through various routes. First, the stimulated polyol pathway can divert 30% glucose to sorbitol and fructose, and second, an increase in protein tyrosine phosphatase 1B (PTP1B) activity negatively regulates insulin signaling. These processes are accompanied with alteration in redox status, which triggers type 2 DM and its complications ([@b4-pnfs-19-281]).

Aldose reductase (AR) is the first enzyme of the polyol pathway that reduces glucose to sorbitol in the presence of β-nicotinamide adenine dinucleotide phosphate (NADPH) as a cofactor. Sorbitol dehydrogenases oxidize sorbitol to fructose in the polyol pathway, leading to a loss of functional integrity of the lens, subsequent cataract formation, and other severe diabetic complications ([@b5-pnfs-19-281]). PTP1B is considered another important therapeutic target for the treatment of type 2 DM via an increase in glucose uptake from vessels into cells, leading to a decrease in postprandial hyperglycemia ([@b6-pnfs-19-281]). Thus, inhibiting AR and PTP1B activity has great therapeutic potential for the prevention of DM and its complications.

Inflammation has been implicated as an important etiological factor in the development of both insulin resistance and type 2 DM, which has been predominantly drawn from studies demonstrating associations between elevated (but 'normal range') levels of circulating acute phase inflammatory markers and indices of insulin resistance and the development of type 2 DM ([@b7-pnfs-19-281],[@b8-pnfs-19-281]). Likewise, inflammation and stress are both responsible for the pathogenesis of DM ([@b9-pnfs-19-281]), suggesting the potential importance of antioxidants and anti-inflammatory alternatives. Thus, the search for alternative, effective, and safe anti-diabetic agents is vital in pharmaceutical research as current synthetic anti-diabetic drugs produce numerous side effects including liver disorders, flatulence, abdominal pain, renal tumors, hepatic injury, acute hepatitis, abdominal fullness, and diarrhea ([@b10-pnfs-19-281]). Medicinal plants play a vital role in the development of new drugs as they lack toxic side effects. There is much interest in the physiological function of food components relating to the prevention of DM and obesity. Phenolic phytochemicals that function as chemo-preventive agents against oxidative damage have attracted public attention. Consumption of fruits and vegetables rich in phenolic content has been linked to decreased risk of developing chronic diseases by reducing oxidative stress and inhibiting macromolecular oxidation ([@b11-pnfs-19-281]). Thus, prevention of oxidative damage with natural antioxidants and inhibition of polyol pathway efflux and PTP1B are important diabetic prevention strategies.

Kohlrabi (*Brassica oleracea* var. *gongylodes*) is a member of the Brassicaceae (mustard) family. It is a biennial, herbaceous vegetable grown as an annual crop that produces a swollen bulb-like stem at the base of the plant. It was described by Percival ([@b12-pnfs-19-281]) as a form of cabbage with a turnip-like stem that stands quite above the ground that is generally utilized as a cooked vegetable, but the raw grated stem forms an acceptable component of winter salads. Depending on the cultivar, kohlrabi stems may be purple red (RK) or green (GK) with a flesh that is always white ([@b13-pnfs-19-281]).

In Korea, kohlrabi is consumed as a curried or pickled vegetable. However, scientific investigations of this plant are limited in the literature. Some research regarding the potent antioxidant activity of its edible sprouts ([@b14-pnfs-19-281]) and phytochemical composition ([@b15-pnfs-19-281]) and amino acid composition ([@b16-pnfs-19-281]) has been reported. Kohlrabi juices from both the RK and GK cultivars have been reported to exhibit potent antioxidant effects conferred by strong total phenolic content (TPC) ([@b17-pnfs-19-281]). Eating kohlrabi helps individuals to stay healthy by scavenging free radicals as it provides high amounts of vitamin C ([@b18-pnfs-19-281]) and protects against colon and prostate cancer by providing the body with precious phytochemicals including isothiocyanates ([@b19-pnfs-19-281]), sulforaphane ([@b20-pnfs-19-281]), and indole-3-carbinol ([@b21-pnfs-19-281]). Previously, the anti-hyperglycemic and antioxidant activity of the *Brassica oleracea* var. *gongylodes* family *in vivo* has been reported ([@b22-pnfs-19-281]), although activities focusing on particular kohlrabi cultivars are limited. Thus, we aimed to broaden the focus on kohlrabi cultivars belonging to this family by comparing the two most used kohlrabi cultivars in relation to their phenolic content, antioxidant, and anti-inflammatory activity.

MATERIALS AND METHODS
=====================

Chemicals
---------

Lipopolysaccharide (LPS) from sulforaphane, protein tyrosine phosphatase (PTP1B), rat lens aldose reductase (RLAR), 1,1-diphenyl-2-picrylhydrazyl (DPPH), 2,2′-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) diammonium salt (ABTS), peroxynitrite (ONOO^−^), Griess reagent, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT), ethylenediaminetetraacetic acid (EDTA), 2-amino-5,6-dihydro-6-methyl-4H-1,3-thiazine hydrochloride (AMT), *p*-nitrophenyl phosphate (*p*NPP), 6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid (Trolox), fetal bovine serum (FBS), and antibiotics were purchased from Sigma-Aldrich Co. (St. Louis, MO, USA). Dulbecco's Modified Eagle's Medium (DMEM) was purchased from HyClone (Logan, UT, USA). Dihydrorhodamine 123 (DHR 123) was purchased from Molecular Probes (Eugene, OR, USA). Various primary antibodies (iNOS, COX-2, and β-actin) were obtained from Cell Signaling Technology, Inc. (Beverly, MA, USA). Polyvinylidene fluoride (PVDF) membrane (Immobilon-P) was obtained from Millipore Co. (Billerica, MA, USA). SuperSignal^®^ West Pico Chemi-luminescent Substrate was obtained from Pierce Biotechnology, Inc. (Rockford, IL, USA). All other chemicals and solvents were purchased from E. Merck Fluka or Sigma-Aldrich unless stated otherwise.

Plant materials and extraction
------------------------------

The green and red kohlrabi cultivars were purchased on April 10, 2013 from a local retailer and authenticated by Professor Jae Sue Choi. A voucher specimen 20131029 was deposited in the authorized laboratory.

Preparation of kohlrabi extracts
--------------------------------

Sliced GK (3.0 kg) and RK (5.0 kg) were each refluxed with MeOH for 3 h (5 L×2). The total filtrate was then suspended to dryness *in vacuo* at 40°C in order to render the MeOH extracts (542.92 g and 754.13 g, respectively).

Determination of total phenolic content
---------------------------------------

The total phenolic content (TPC) of the extract was determined using Folin-Ciocalteu reagent following a slightly modified method ([@b23-pnfs-19-281]). Briefly, 0.5 mL of the 70% MeOH extract (100 μg/mL) was mixed with 2.0 mL Folin-Ciocalteu reagent (diluted 1:10 with de-ionized water) and neutralized with 4.0 mL sodium carbonate solution (7.5%, w/v). The reaction mixture was then incubated at room temperature for 30 min with intermittent shaking for color development. Absorbance of the resulting blue color was measured at 765 nm using an Ultrospec^®^2100pro UV/Visible spectrophotometer with SWIFT II Applications software (Amersham Biosciences, Piscataway, NJ, USA). The TPC was determined from the linear equation of a gallic acid standard curve.

DPPH radical scavenging activity
--------------------------------

The DPPH radical scavenging activity was evaluated using the method of Blois ([@b24-pnfs-19-281]), with slight modification. The RK and GK extracts and DPPH were dissolved in MeOH. One hundred sixty microliters of both extracts at various concentrations (100 μM final concentration) were added to 40 μL DPPH (1.5×10^−4^ M). After mixing gently and standing at room temperature for 30 min, the optical density of the reactant was measured at 520 nm using a VERSAmax microplate spectrophotometer (Molecular Devices). The antioxidant activity of both samples is expressed in terms of IC~50~ values (μg/mL, required to inhibit DPPH radical formation by 50%), which was calculated from the log-dose inhibition curve. L-Ascorbic acid was used as the positive control.

Trolox equivalent antioxidant capacity (TEAC)
---------------------------------------------

This assay is based on the ability of different substances to scavenge ABTS radical cation (ABTS^.+^) as compared to the Trolox positive control ([@b25-pnfs-19-281]). To oxidize colorless ABTS to blue-green ABTS^.+^, a 7.0 mM ABTS stock solution was mixed with 2.45 mM potassium per-sulfate (1:1, v/v) and left at room temperature in the dark for 12 to 16 h until the reaction was complete and the absorbance was stable. The blue/green ABTS^.+^ solution was diluted in ethanol (EtOH) to an absorbance of 0.70±0.02 at 734 nm for measurement. The photometric assay was conducted with 180 μL of the ABTS^.+^ solution and 20 μL of sample dissolved in EtOH solution (100 μM final concentration) that was stirred for 30 s. The optical density was measured at 734 nm after 2 min using a VERSAmax microplate spectrophotometer (Molecular Devices). The antioxidant activity was calculated by determining the decrease in absorbance at different concentrations using the following equation:
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where A~t~ and A~c~ are the absorbance with and without extracts, respectively. Trolox and L-ascorbic acid were used as the positive controls. The TEAC results are expressed as IC~50~ values (μg/mL).

Assay for ONOO^−^ scavenging activity
-------------------------------------

The ONOO^−^ scavenging activity was assessed by a modified Kooy's method, which involves the monitoring of highly fluorescent rhodamine 123, which is rapidly produced from non-fluorescent dihydrorhodamine (DHR) 123 in the presence of ONOO^−^ ([@b26-pnfs-19-281]). In brief, the rhodamine buffer (pH 7.4) consisted of 50 mM sodium phosphate dibasic, 50 mM sodium phosphate monobasic, 90 mM sodium chloride, 5.0 mM potassium chloride, and 100 μM diethylenetriamine pentaacetate. The final DHR 123 concentration was 5.0 μM. The assay buffer was prepared prior to use and placed on ice. The extracts were dissolved in 10% DMSO (100 μM final concentration). The background and final fluorescent intensities were measured 5 min after treatment with and without the addition of authentic ONOO^−^ (10 μM), dissolved in 0.3 N sodium hydroxide (NaOH). The fluorescence intensity of the oxidized DHR 123 was evaluated using a fluorescence microplate reader (FL×800, Bio-Tek Instruments Inc., Winooski, VT, USA) at excitation and emission wavelengths of 480 and 530 nm, respectively. The values of ONOO^−^ scavenging activity were calculated as the final fluorescence intensity minus the background fluorescence via the detection of DHR 123 oxidation. L-penicillamine was used as the positive control.

Assay for PTP1B inhibitory activity
-----------------------------------

Inhibitory activity of the RK and GK extracts against PTP1B was evaluated using *p*NPP ([@b27-pnfs-19-281]). To each well in a 96-well plate (final volume 110 μL), 2.0 mM *p*NPP and PTP1B were added in a buffer containing 50 mM citrate (pH 6.0), 0.1 M NaCl, 1.0 mM EDTA, and 1.0 mM DTT with or without sample. The plate was pre-incubated at 37°C for 10 min, and then 50 μL *p*NPP buffer was added. Following incubation at 37°C for 30 min, the reaction was terminated with the addition of 10 M NaOH. The amount of *p*-nitrophenyl produced after enzymatic de-phosphorylation was estimated by measuring the absorbance at 405 nm using a VERSAmax microplate spectrophotometer (Molecular Devices). The non-enzymatic hydrolysis of 2.0 mM *p*NPP was corrected by measuring the increase in absorbance at 405 nm obtained in the absence of PTP1B enzyme. The percent inhibition was calculated as:
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where A~c~ was the absorbance of the control, and A~s~ was the absorbance of the sample. Ursolic acid was used as the positive control.

Assay for RLAR inhibitory activity
----------------------------------

This study adhered to the Guidelines for the Care and Use of Laboratory Animals approved by Pukyong National University. Rat lens homogenate was prepared according to a slightly modified method from Hayman and Kinoshita ([@b28-pnfs-19-281]). The lenses were removed from the eyes of Sprague-Dawley rats (Samtako Bio-Korea, Inc., Osan, Korea) weighing 250 to 280 g. The lenses were homogenized in sodium phosphate buffer (pH 6.2), which was prepared from sodium phosphate dibasic (Na~2~HPO~4~·H~2~O, 0.66 g) and sodium phosphate monobasic (NaH~2~PO~4~·H~2~O, 1.27 g) in 100 mL double distilled H~2~O. The supernatant was obtained by centrifugation of the homogenate at 10,000 rpm at 4°C for 20 min and was frozen until use. A crude AR homogenate with a specific activity of 6.5 U/mg was used in the enzyme inhibition evaluations. The reaction solution consisted of 620 μL 100 mM sodium phosphate buffer (pH 6.2), 90 μL AR homogenate, 90 μL 1.6 mM NADPH, and 91 μL sample. The substrate included 90 μL D L-glyceraldehyde (50 mM). The AR activity was determined by measuring the decrease in NADPH absorption at 340 nm over a 4 min period on an Ultrospec2100 pro UV/Visible spectrophotometer with SWIFT II Applications software (Amersham Biosciences). Quercetin, a well-known AR inhibitor, was used as a reference. The percent inhibition was calculated as:
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where ΔA sample/min represents the reduction in absorbance over 4 min for the test sample and substrate, and ΔA control/min represents the same, but with 100% DMSO instead of the test sample. The 50% inhibition concentration is expressed as the mean±SEM.

Cell culture
------------

RAW 264.7 murine macrophages were obtained from the American Type Culture Collection (Rockville, MD, USA). RAW 264.7 cells were cultured in DMEM supplemented with 10% FBS, 100 U/mL penicillin, and 100 μg/mL streptomycin at 37°C with humidified air containing 5% CO~2~.

Cell viability assay
--------------------

Cell viability was assessed using the MTT assay. Briefly, RAW 264.7 cells were seeded into 96-well plates at a density of 1.0×10^4^ cells per well and incubated at 37°C for 24 h. The cells were then treated with various sample concentrations (400 to 1,600 μg/mL). After incubation for an additional 24 h at 37°C, 100 μL MTT (0.5 mg/mL in PBS) was added to each well and the incubation continued for another 2 h. The resulting color was assayed at 540 nm using a microplate spectrophotometer (Molecular Devices).

Assay for inhibition of cellular NO production
----------------------------------------------

The nitrite concentration in the medium was measured using Griess reagent as an indicator of NO production. Briefly, RAW 264.7 cells (1.0×10^5^ cells/well in a 24-well plate with 500 μL culture medium) were pre-treated with samples (400 to 1,600 μg/mL) for 2 h and incubated for 18 h with LPS (1.0 μg/mL). After incubation, the nitrite concentration of the supernatants (100 μL/well) was measured by adding 100 μL Griess reagent. To quantify the nitrite concentration, standard nitrite solutions were prepared. The absorbance values of mixtures were determined using a microplate spectrophotometer (Molecular Devices) at 540 nm. The iNOS inhibitor AMT was used as a positive control.

Analysis for inhibition of iNOS and COX-2 protein production
------------------------------------------------------------

Western blotting was used to measure iNOS and COX-2 protein levels. First, RAW 264.7 cells were cultured in 100 mm culture dishes in the presence or absence of LPS (1.0 μg/mL) with or without test samples (400 to 1,600 μg/mL) for 18 h. Afterwards, the cells were washed twice with ice-cold PBS and lysed with cell lysis buffer (\#9803, Cell Signaling Technology, Inc.) on ice for 30 min. Cell extracts were obtained by centrifugation at 14,000 *g* at 4°C for 20 min. Cytosolic proteins were electrophoretically separated on SDS-PAGE and transferred to PVDF membranes. Membranes were immediately blocked with 5% (w/v) non-fat dry milk in Tris-buffered saline containing 0.1% Tween-20 (pH 7.4) (TBST) buffer at room temperature for 1 h. The membranes were then washed three times (10 min each) in TBST buffer and incubated with primary antibody, diluted 1:1000 in 5% (w/v) non-fat dry milk in TBST buffer at 4°C overnight. After three washings in TBST buffer (10 min each), the membranes were incubated with horseradish peroxidase (HRP)-conjugated secondary antibody diluted 1:2000 in 5% (w/v) non-fat dry milk in TBST buffer at room temperature for 1 h. After three washings in TBST buffer (10 min each), antibody labeling was visualized with SuperSignal West Pico Chemi-luminescent Substrate (Pierce, Rockford, IL, USA) according to the manufacturer's instructions and was exposed to X-ray film (GE Healthcare Ltd., Amersham, UK). Pre-stained blue protein markers were used for molecular weight determination. Bands were visualized using a LAS3000^®^ Luminescent image analyzer (Fujifilm Life Science, Tokyo, Japan) and quantified by densitometry analysis using PDQuest software (Version 7.0, BIO-RAD, Hercules, CA, USA).

Statistics
----------

Data are presented as the mean±SEM of at least four independent experiments. Statistical comparisons between groups were performed using one-way ANOVA followed by Student's *t*-test. A *P* value less than or equal to 0.05 was considered statistically significant.

RESULTS
=======

Scavenging effect on DPPH radical
---------------------------------

The radical-scavenging activity of MeOH extracts from the green and red kohlrabi cultivars was estimated by comparing the percent inhibition of formation of DPPH radicals by the extracts and L-ascorbic acid ([Table 1](#t1-pnfs-19-281){ref-type="table"}). RK extract inhibited formation of 45.2% of DPPH radicals. This was greater than the GK extract, which inhibited 34.77% of DPPH radicals at the concentration of 500 μg/mL in a dose dependent manner ([Fig. 1A](#f1-pnfs-19-281){ref-type="fig"}). RK showed potent activity in DPPH scavenging activity with an IC~50~ value of 696.83±1.16 μg/mL whereas GK exhibited an IC~50~ value of 801.03±0.80 μg/mL as compared to the positive L-ascorbic acid control (IC~50~= 2.64±0.05 μg/mL).

Scavenging effect on ABTS radical
---------------------------------

The ABTS assay is an excellent tool for determining the antioxidant activity of hydrogen-donating and chain-breaking antioxidants. Both extracts efficiently scavenged ABTS radicals generated by the reaction between ABTS and ammonium persulfate ([Table 1](#t1-pnfs-19-281){ref-type="table"}). The activity increased in a dose-dependent manner from 36% to 76% in RK extracts and from 23% to 59% in GK extracts at a concentration range of 250 to 1,000 μg/mL ([Fig. 1B](#f1-pnfs-19-281){ref-type="fig"}). The RK extract showed potent activity in ABTS scavenging activity with an IC~50~ value of 472.63±2.32 μg/mL whereas GK exhibited an IC~50~ value of 787.89±5.34 μg/mL as compared to the positive Trolox control (IC~50~=3.31±0.05 μg/mL).

Scavenging effect on ONOO^−^ radical
------------------------------------

The ONOO^−^ scavenging activities are shown in [Table 1](#t1-pnfs-19-281){ref-type="table"}. The formation of ONOO^−^ detectable by the oxidation of DHR 123 to rhodamine 123 from decomposition of authentic ONOO^−^ was scavenged by both cultivar extracts to a variable degree. Both the cultivars showed dose dependent inhibition ([Fig. 1C](#f1-pnfs-19-281){ref-type="fig"}) and the ability of these extracts to scavenge authentic ONOO^−^ was similar with respective IC~50~ values of 116.79±0.13 μg/mL (RK) and 132.20±0.32 μg/mL (GK) as compared to a positive L-penicillamine control (1.21±0.26 μg/mL).

Total phenolic content
----------------------

The Folin-Ciocalteu assay is a fast and simple method to rapidly determine phenolic group content in samples. Phenolic or polyphenol compounds are secondary plant metabolites that are present in plants and plant products, and many phenolic compounds have been shown to contain high levels of antioxidant activity. The TPC of the two extracts is presented in [Table 1](#t1-pnfs-19-281){ref-type="table"}. The RK extract contained the highest TPC (8.91 mg/g GAE), which is approximately double the TPC of the GK extract (4.0 mg/g GAE).

PTP1B inhibitory activity
-------------------------

The inhibitory activity of the RK and GK MeOH extracts against PTP1B is presented in [Table 2](#t2-pnfs-19-281){ref-type="table"}. The MeOH extracts of both cultivars showed potent PTP1B inhibitory activity in a concentration dependent manner. Among the two cultivars, the RK extract showed the highest inhibitory activity with an IC~50~ value of 207.56±3.48 μg/mL followed by the GK with an IC~50~ value of 287.13±3.22 μg/mL compared to the positive ursolic acid control (IC~50~ value of 5.59±0.44 μg/mL). The RK extract (96%) exhibited higher activity as compared to the GK extract (63%) at 500 μg/mL ([Fig. 2A](#f2-pnfs-19-281){ref-type="fig"}).

RLAR activity
-------------

It is evident that the RK extract showed a higher RLAR inhibitory activity (IC~50~=1,530.23±2.80 μg/mL) compared to the positive quercetin control (IC~50~ value of 0.58 μg/mL) ([Table 2](#t2-pnfs-19-281){ref-type="table"}). As shown in [Fig. 2B](#f2-pnfs-19-281){ref-type="fig"}, both cultivars exhibited dose dependent inhibition with RK (53%) and GK (45%) inhibition at 1,600 μg/mL. In addition, the GK extract exhibited weak RLAR inhibitory activity with an IC~50~ value of 1,682.21±3.23 μg/mL.

Effect of RK and GK extracts on cell viability and NO production in LPS-induced RAW 264.7 cells
-----------------------------------------------------------------------------------------------

The cytotoxicity of the two cultivars was assessed via MTT assay. As shown in [Fig. 3](#f3-pnfs-19-281){ref-type="fig"}, both RK and GK MeOH extracts did not exhibit significant toxicity even at a concentration of 1,600 μg/mL. Thus, we further evaluated NO scavenging using this non-toxic concentration. Increased NO production is a typical phenomenon that occurs in LPS-stimulated macrophages and serves as an indicator of a typical inflammatory response. Nitrite, a stable metabolite of NO, was used as an indicator of NO production in the medium. During the 18 h incubation with LPS (1.0 μg/mL), NO production in RAW 264.7 cells increased dramatically. Pretreatment with the GK MeOH extract resulted in a relatively moderate dose dependent inhibition of cellular NO production; however, the RK extract showed potent activity to inhibit NO production in a dose-dependent manner ([Fig. 3](#f3-pnfs-19-281){ref-type="fig"}). With respect to the cellular NO production assay, GK at 1,600 μg/mL resulted in a 19% inhibition while RK at the same concentration resulted in a 47.23% inhibition compared with the positive AMT control (90% at 0.5 μg/mL). Thus, the NO inhibitory potency of RK was greater than that of GK (IC~50~=1621.34 μg/mL).

Effect of RK extract on iNOS and COX-2 production in RAW 264.7 cells
--------------------------------------------------------------------

Western blot analysis was conducted to assess the activity of RK extract on the production of iNOS and COX-2, which are well-characterized markers of NF-κB-responsive inflammation. As shown in [Fig. 4](#f4-pnfs-19-281){ref-type="fig"}, iNOS and COX-2 protein production in unstimulated RAW 264.7 cells was almost undetectable, but it was significantly stimulated upon treatment with 1.0 μg/mL of LPS. Pretreatment with the RK MeOH extract at concentrations of 400, 800, and 1,600 μg/mL significantly down-regulated the production of iNOS and COX-2 protein in a dose dependent manner. RK had a greater effect on the inhibition of COX-2 protein production than on iNOS production, which was further elucidated by densitometry analysis showing the potent inhibition of COX-2 expression in a dose-dependent manner.

DISCUSSION
==========

Although significant improvement has been made in intensive glycemic control over the last decade, a number of problems remain unsolved as indicated by the large proportion of patients unable to reach recommended therapeutic targets. There have been several recent attempts devoted to the discovery of new and effective anti-diabetic agents for the treatment of DM, including sulfonylurea derivatives, biguanides, thiazolidinedione, and alpha-glucosidase inhibitors ([@b29-pnfs-19-281]). However, the use of these anti-diabetics is limited due to toxic side effects. Recently, plant secondary metabolites have been investigated as a natural source of alternative drugs for the treatment of various ailments such as DM because of their reduced toxicity ([@b30-pnfs-19-281]). Thus, we aimed our efforts to investigate the possible development of natural drug alternatives derived from kohlrabi extracts.

The presence of anthocyanins, isothiocyanates, and over 120 glucosinolates from kohlrabi has been reported ([@b19-pnfs-19-281],[@b31-pnfs-19-281],[@b32-pnfs-19-281]). Thus, we conducted phytochemical investigations in order to determine the phenolic compounds present in two different kohlrabi cultivars (red and green). Both the RK and GK cultivars showed the presence of phenolic compounds as compared to gallic acid, which is consistent with a previous report on the green cultivar published by Stratil et al. ([@b33-pnfs-19-281]). However, our study presents a report for the presence of phenolic compounds in both red and green cultivars as it is well known that phenolic compounds exert antioxidant activity in biological systems due to the presence of available hydroxyl groups present in the chemical structure ([@b34-pnfs-19-281],[@b35-pnfs-19-281]).

Both the RK and GK cultivars showed potent inhibitory activity against DPPH, ABTS, and ONOO^−^, which can be attributed to the presence of potent phenolic compounds such as luteolin, myricetin, apigenin, and kaempferol ([@b36-pnfs-19-281]). Previously, edible kohlrabi sprouts have also been reported to show potent antioxidant activity ([@b14-pnfs-19-281]) conferred by their phytochemical constituents ([@b15-pnfs-19-281]). Free radicals ultimately have been reported to induce inflammation that further contributes to the onset and progression of inflammation in distant organs ([@b37-pnfs-19-281]). Our results show that both the RK and GK cultivars possess dose-dependent anti-inflammatory activity, particularly the RK extract, in a manner attributed to phenolic content conferring antioxidant potential ([@b38-pnfs-19-281]). Phenolics and flavonoids act as excellent anti-inflammatory agents ([@b39-pnfs-19-281]). Thus, the phenolic compounds with potent anti-oxidant activity are capable of exhibiting anti-inflammatory activity, with the potential to prevent DM and its complications. Further, the RK extract inhibited the production of iNOS and COX-2 protein, which further supports it as a candidate for an anti-inflammatory agent. Enhanced production of iNOS and COX-2 proteins is associated with the inflammatory response ([@b40-pnfs-19-281]). In our study, we demonstrated the suppression of both iNOS and COX-2 protein production by RK for the first time. This result demonstrates that RK inhibited NO production through the suppression of both iNOS and COX-2 production in LPS-stimulated RAW 264.7 cells. Previously, the anti-inflammatory activity of kohlrabi was attributed to the presence of isothiocyanates ([@b21-pnfs-19-281]). However, our study adds to this information by showing that phenolics are also responsible for the anti-inflammatory activity.

PTP1B, which is localized to the cytoplasmic face of the endoplasmic reticulum and acts as a key regulator of both the insulin and leptin signaling pathways, is ubiquitously produced in classical insulin-targeted tissues including the liver, muscle, and fat ([@b41-pnfs-19-281]). PTP1B can associate with and dephosphorylate both activated insulin receptor or insulin receptor substrates. Clinical studies have found a correlation between insulin resistance states and levels of PTP1B protein in muscle and adipose tissues, suggesting that PTP1B plays a major role in the insulin resistance associated with obesity and non-insulin dependent DM ([@b42-pnfs-19-281]). Thus, inhibition of PTP1B is an effective therapeutic approach for insulin sensitive drugs targeted for the treatment and prevention of metabolic disorders ([@b43-pnfs-19-281]). It is known that PTP1B overexpression in multiple tissues in obesity is regulated by inflammation ([@b44-pnfs-19-281]). Our study investigated potent PTP1B inhibitors present in the MeOH extracts of RK and GK cultivars. The MeOH extracts and their different fractions showed potent PTP1B inhibitory activity. The RK extract in particular showed potent PTP1B inhibitory activity and is therefore a promising candidate for DM treatment.

DM associated complications can also arise from increased flux of glucose through the polyol pathway. AR, a cytosolic monomeric oxido-reductase is the first enzyme in the polyol pathway. Under normoglycemic conditions, AR has low affinity for glucose and only a small percentage of glucose is metabolized by this pathway. However, under hyperglycemic conditions, increased intracellular glucose results in increased enzymatic conversion to sorbitol, with a concomitant decrease in NADPH ([@b45-pnfs-19-281],[@b46-pnfs-19-281]). The increased polyol pathway flux leads to accumulation of sorbitol in the lens fiber, which causes an influx of water, the generation of osmotic stress, and subsequent cataract formation ([@b47-pnfs-19-281]). Due to poor penetration across membranes and inefficient metabolism, sorbitol and its metabolites accumulate in the nerves, retina, and kidneys, and cause the development of diabetic complications, including retinopathy, neuropathy, and nephropathy ([@b48-pnfs-19-281]). Therefore, inhibition of AR has emerged as an important therapeutic approach for preventing and reducing long term diabetic complications. In our investigation, the RK extract showed reasonable RLAR inhibitory activity as compared to GK, which highlights its potential anti-diabetic activity. Usually, the activity of extracts cannot be correlated with individual compounds due to the presence of a diverse range of compounds, with each of the compounds differing in the range of activity. Thus, although RLAR activity was reasonable in our study, the individual compounds present in the kohlrabi cultivars may be more potent.

Increasing evidence in both experimental and clinical studies suggests that oxidative stress plays a major role in the pathogenesis of both types of DM. Abnormally high levels of free radicals and the simultaneous decline of antioxidant defense mechanisms can lead to the damage of cellular organelles that can promote the development of complications of DM ([@b49-pnfs-19-281],[@b50-pnfs-19-281]). Consistently, our results show that potent anti-diabetic activity can be correlated with potent antioxidant properties conferred by phenolic compounds. Our study reveals the potent activity of two kohlrabi cultivars, establishing them as an alternate source of anti-diabetic agents.

New therapeutic innovations that are dedicated to prevent DM and DM complications are of interest. Our study distinguished the effectiveness of two kohlrabi cultivars and found that the RK cultivar shows potent anti-diabetic (PTP1B and RLAR), antioxidant (DPPH, ABTS, and ONOO^−^), and anti-inflammatory (NO) activity. In addition to the presence of anthocyanins, isothiocyanates, and glucosinolates, our study revealed the presence of phenolic compounds responsible for anti-oxidant activity with the potential to prevent inflammation and DM. Thus, the multifactorial activity of kohlrabi, and in particular the RK cultivar, shows promising anti-diabetic activity as a new alternative therapeutic agent for the treatment of DM as well as its complications.

**AUTHOR DISCLOSURE STATEMENT**

The authors declare no conflict of interest.

![(A) DPPH, (B) ABTS, and (C) ONOO^−^ scavenging activities of red and green kohlrabi cultivar MeOH extracts.](pnfs-19-281f1){#f1-pnfs-19-281}

![(A) PTP1B and (B) RLAR activity of red and green kohlrabi cultivar MeOH extracts.](pnfs-19-281f2){#f2-pnfs-19-281}

![Effect of green kohlrabi (GK) (A) and red kohlrabi (RK) (B) extracts on cell viability and LPS-induced NO production in RAW 264.7 cells. Cell viability was determined by MTT assay. Cells were seeded in 96-well plates at a density of 1.0×10^4^ cells/well and incubated at 37°C for 24 h. The cells were then treated with various concentrations of sample (400 to 1,600 μg/mL). After an additional 24 h of incubation at 37°C, 100 μL MTT (0.5 mg/mL in PBS) was added to the wells and mixed. Cells were pretreated with the indicated concentrations for 2 h, after which LPS (1.0 μg/mL) was added. After 18 h of incubation, the NO in the culture supernatants was measured using Griess reagent. Values are expressed as the mean±SEM of triplicate experiments. ^\#\#\#^*P*\<0.001 indicates a significant difference from the unstimulated control group, ^\*^*P*\<0.05, ^\*\*^*P*\<0.01, and ^\*\*\*^*P*\<0.001 indicate significant differences from the LPS-stimulated control group.](pnfs-19-281f3){#f3-pnfs-19-281}

![Effect of red kohlrabi (RK) on the production of iNOS and COX-2 protein in RAW 264.7 cells. Cytosolic lysates from RAW 264.7 cells stimulated for 18 h were separated by SDS-PAGE and the protein levels of iNOS, COX-2, and β-actin were detected by Western blot.](pnfs-19-281f4){#f4-pnfs-19-281}

###### 

Antioxidant activity of the red and green kohlrabi cultivar MeOH extracts

                                                                TPC[1)](#tfn1-pnfs-19-281){ref-type="table-fn"}   IC~50~                                                                  
  ------------------------------------------------------------- ------------------------------------------------- --------------------------------------------------------- ------------- -------------
  Red kohlrabi                                                  8.91                                              472.63±2.32[2)](#tfn2-pnfs-19-281){ref-type="table-fn"}   696.83±1.16   116.79±0.13
  Green kohlrabi                                                4.64                                              787.89±5.34                                               801.03±0.80   132.20±0.32
  Trolox[3)](#tfn3-pnfs-19-281){ref-type="table-fn"}                                                              3.31±0.05                                                               
  L-Ascorbic acid[4)](#tfn3-pnfs-19-281){ref-type="table-fn"}                                                                                                               2.64±0.05     
  L-Penicillamine[5)](#tfn3-pnfs-19-281){ref-type="table-fn"}                                                                                                                             1.21±0.26

Total phenolic content (TPC) is expressed as GAE (mg/g of MeOH extract).

Values are expressed as the mean±SEM of three experiments.

Trolox, L-ascorbic acid, and L-penicillamine were used as positive controls for ABTS, DPPH, and ONOO^−^, respectively.

###### 

Anti-diabetic potential of the red and green kohlrabi cultivar MeOH extracts

                                                             IC~50~                                                    
  ---------------------------------------------------------- --------------------------------------------------------- ---------------
  Red kohlrabi                                               207.56±3.48[1)](#tfn4-pnfs-19-281){ref-type="table-fn"}   1,530.23±2.80
  Green kohlrabi                                             287.13±3.22                                               1,682.21±3.23
  Ursolic acid[2)](#tfn5-pnfs-19-281){ref-type="table-fn"}   5.59±0.44                                                 
  Quercetin[3)](#tfn5-pnfs-19-281){ref-type="table-fn"}                                                                0.58±0.02

Values are expressed as the mean±SEM of three experiments.

Ursolic acid and quercetin were used as positive controls for PTP1B and RLAR assays, respectively.
